A trial was conducted to evaluate the effect of different cereals on the performance, gut mucosa, and microbiota of weanling pigs with or without previous access to creep feed during lactation. A total of 108 newly weaned pigs (7.4 kg BW; 26 d of age; half with and half without creep feed) were used. Piglets were distributed by BW into 36 pens according to a 2 × 6 factorial arrangement of treatments with previous access to creep feed (with or without) and cereal source in the experimental diet [barley (Hordeum vulgare), rice (Oryza sativa)-wheat (Triticum aestivum) bran, corn (Zea mays), naked oats (Avena sativa), oats, or rice] as main factors. Pigs were offered the experimental diets for 21 d and performance was monitored. At day 21, 4 piglets from each treatment were killed and sampled for the histological evaluation of jejunal mucosa and the study of ileal and cecal microbiota by RFLP. The Manhattan distances between RFLP profi les were calculated and intragroup similarities (IGS) were estimated for each treatment. An interaction between cereal source and previous creep feeding was observed for ADFI (P < 0.05), indicating that whereas creep feeding increased ADFI for the rice-wheat bran diet it reduced it for naked oats. No differences in mucosal morphology were observed except for deeper crypts in pigs that did not have previous access to creep feed (P < 0.05). Cereal source had a signifi cant effect on IGS of ileal and cecal microbiota (P < 0.01). In the ileum oats and corn had the highest IGS (i.e., lowest heterogeneity of the microbiota) followed by rice, naked oats, barley, and rice-wheat bran whereas in the cecum, IGS was highest for rice and oats followed by corn, barley, ricewheat bran, and naked oats. An interaction between creep feeding and cereal was also observed for the IGS of the cecal microbiota at day 21 (P < 0.05). Access to creep feed reduced IGS in the piglets fed oats or barley but no differences were observed for the other cereal sources. It is concluded that the effect of creep feeding during lactation on the performance and the microbiota of piglets after weaning is dependent on the nature of the cereal in the postweaning diet.
ABSTRACT:
A trial was conducted to evaluate the effect of different cereals on the performance, gut mucosa, and microbiota of weanling pigs with or without previous access to creep feed during lactation. A total of 108 newly weaned pigs (7.4 kg BW; 26 d of age; half with and half without creep feed) were used. Piglets were distributed by BW into 36 pens according to a 2 × 6 factorial arrangement of treatments with previous access to creep feed (with or without) and cereal source in the experimental diet [barley (Hordeum vulgare), rice (Oryza sativa)-wheat (Triticum aestivum) bran, corn (Zea mays), naked oats (Avena sativa), oats, or rice] as main factors. Pigs were offered the experimental diets for 21 d and performance was monitored. At day 21, 4 piglets from each treatment were killed and sampled for the histological evaluation of jejunal mucosa and the study of ileal and cecal microbiota by RFLP. The Manhattan distances between RFLP profi les were calculated and intragroup similarities (IGS) were estimated for each treatment. An interaction between cereal source and previous creep feeding was observed for ADFI (P < 0.05), indicating that whereas creep feeding increased ADFI for the rice-wheat bran diet it reduced it for naked oats. No differences in mucosal morphology were observed except for deeper crypts in pigs that did not have previous access to creep feed (P < 0.05). Cereal source had a signifi cant effect on IGS of ileal and cecal microbiota (P < 0.01). In the ileum oats and corn had the highest IGS (i.e., lowest heterogeneity of the microbiota) followed by rice, naked oats, barley, and rice-wheat bran whereas in the cecum, IGS was highest for rice and oats followed by corn, barley, ricewheat bran, and naked oats. An interaction between creep feeding and cereal was also observed for the IGS of the cecal microbiota at day 21 (P < 0.05). Access to creep feed reduced IGS in the piglets fed oats or barley but no differences were observed for the other cereal sources. It is concluded that the effect of creep feeding during lactation on the performance and the microbiota of piglets after weaning is dependent on the nature of the cereal in the postweaning diet.
INTRODUCTION
Gut health at weaning is critical in commercial pig production. An inadequate transition of the piglet from sow's milk to dry feed may result in compromised gut integrity, diarrhea, and occasional death. Since their ban in the European Union, different alternatives to antibiotic growth promoters have been investigated including nonantibiotic natural substances (Lallès et al., 2009) . We have shown previously that the nature of the cereal used in the piglet's diet affects the gut microbiota . To some degree, this effect of cereal may be due to differences in feed intake related to cereal palatability (Solà-Oriol et al., 2009) . Feed intake may also be infl uenced by management practices such as the offering of creep feed to piglets during lactation (Bruininx et al., 2002) . This trial was conducted to evaluate the effects of cereal nature and creep feeding during lactation and their possible interaction on the histology of jejunal mucosa and the ileal and cecal microbiota of weaning pigs.
MATERIALS AND METHODS
This work was conducted at the Experimental Farm of the Institut de Recerca i Tecnologia Agroalimentària (IRTA) following approval by IRTA's Ethical Committee on Animal Experimentation. A total of 108 newly weaned pigs (Landrace × Pietrain; 7.4 kg BW; 26 d of age) from IRTA's farm herd were used. Of these, 54 pigs had been offered creep feed during lactation and the remainder had not. At the start of the trial, the piglets from each origin were blocked by BW and distributed among 6 experimental diets containing 60% of barley, rice-wheat bran, corn, naked oats, oats, or rice as the cereal source. The remaining 40% of the diet was composed by 14% sweet milk whey, 11% of a soybean (Glycine max) meal product containing 56% crude protein (HP-300, Hamlet Protein, Horsens, Denmark), 10% potato (Solanum tuberosum) protein (Protastar, Avebe group Veendam, The Netherlands), 2% lard, and amino acids, vitamins, and minerals to meet or exceed the animals' requirements (NRC, 1998) . Pigs were offered the experimental diets for 21 d and performance was monitored. At the end of the trial, 48 piglets were slaughtered and sampled for histology and microbiology determinations. Eight piglets from 8 different litters (4 with and 4 without creep) were selected for each experimental diet, and 6 animals (one per treatment) were selected from each litter. Villus height (VH), crypt depth (CD), and villus and crypt intraepithelial lymphocytes (IEL) in jejunal mucosa (3 m from pylorus) were measured as previously described (Willamil et al., 2012) . Microbiota in ileal and cecal digesta were evaluated by RFLP using the restriction enzymes AluI, RsaI, HpaII, CfoI, and Sau3AI. The Manhattan distances between RFLP profi les were calculated and, for each treatment, intragroup similarities (IGS) were estimated.
Data were analyzed using the GLM procedure (SAS Inst. Inc., Cary, NC) according to a 2 × 6 factorial arrangement of treatments with previous access to creep feed (with or without) and cereal source in the experimental diet (barley, rice-wheat bran, corn, naked oats, oats, or rice) as main factors and initial BW as the covariable. The pen for the performance parameters and the animal for the histology and microbiology parameters were considered as the experimental unit. The effects of cereal source, previous creep feeding, and the interaction between them were considered. Results are presented as least squares means and multiple comparisons were performed when the effects were signifi cant. The level of signifi cance was set at P < 0.05. Within an item, means without a common superscript differ (P < 0.05). 1 MSE = mean squared error. 2 Intraepithelial lymphocytes (IEL) in villus, /100 enterocytes. 3 Intraepithelial lymphocytes (IEL) in crypt, /100 enterocytes. 4 Intragroup similarity (IGS) of microbiota RFLP profi les.
RESULTS AND DISCUSSION
The results are presented in Table 1 . Over the whole trial, an interaction between cereal source and previous creep feeding was observed for ADFI (P < 0.05). Creep feeding increased ADFI for the rice-wheat bran diet but reduced it for naked oats. The improved ADFI due to creep feeding for the rice-wheat bran diet is in good agreement with previous work demonstrating that creep feeding facilitates the adaptation of piglets to dry feed at weaning (Bruininx et al., 2002) . However, the negative effect observed for the naked oats was unexpected and deserves further investigation.
Cereal source did not signifi cantly affect any of the histology parameters considered. Similarly, no effect of creep feeding was observed on VH, VH:CD, or the number of IEL in villi or crypts. However, CD in the pigs without previous access to creep feed was deeper than that in pigs with previous access (355 vs. 321 μm; P < 0.05). Finally, no statistically signifi cant interactions between the 2 main factors were observed for the histology data.
Cereal source had a signifi cant effect on IGS of ileal microbiota (P < 0.01). Oats and corn had the highest IGS (i.e., lowest heterogeneity of the microbiota) followed by rice, naked oats, barley, and rice-wheat bran (91.3, 90.5, 89.5, 88.0, 84.1, and 83.0%, respectively). Oats and corn IGS were higher than those of naked oats, barley, and rice-wheat bran, and rice and naked oats IGS were higher than those of barley and rice-wheat bran. At the cecal level, cereal source also had a signifi cant effect on microbiota IGS (P < 0.01). Rice and oats had the highest IGS followed by corn, barley, rice-wheat bran, and naked oats (93.2, 91.7, 91.4, 89.9, 88.4, and 87.6%, respectively) . Intragroup similarity values of the rice and oats were higher than those of barley, rice-wheat bran, and naked oats; that of corn was higher than those of rice-wheat bran and naked oats; and the value for barley was higher than for naked oats. These changes in the composition of the microbiota due to cereal nature may result from differences in availability of undigested nutrients, as suggested by a previous in vitro digestibility study using the same diets as in the current trial (Pérez-Vendrell and Torrallardona, 2010) .
It is concluded that the effect of creep feeding during lactation on the performance and the microbiota of piglets after weaning is dependent on the nature of the cereal in the postweaning diet. Previous access or not to creep feed during lactation may need to be considered when choosing the cereal composition of the postweaning diet.
